In a retrospective study, 80 episodes of nontyphoid salmonella (NTS) bacteremia in children were compared with 55 episodes in adults over a 10-year period. The study disclosed major differences in the predisposition, clinical presentation, and outcome as well as the microbiology of NTS bacteremia in relation to age. Adults were more likely than children to have predisposing diseases (95% vs. 15%, respectively; P õ .0001) and to receive prior medications (95% vs. 23%, respectively; P õ .0001), particularly immunosuppressive agents (58% vs. 5%, respectively; P õ .0001). In most adults (67%), NTS infection presented as a primary bacteremia and was associated with a high incidence of extraintestinal organ involvement (34%) and a high mortality rate (33%). In children, NTS bacteremia was usually secondary to gastroenteritis (75%) and caused no fatalities. Although group D Salmonella (78%) and the serovar Salmonella enteritidis were the predominant isolates from adults, the emergence of infections due to group C Salmonella (46%) and the serovar Salmonella virchow in children was noted.
During the last three decades, there has been an alarming hospital. Between 1987 and 1992, the pediatric ward was an integral part of the Beilinson Campus. In 1993, it was transincrease in the incidence of human infections due to nontyphoid salmonella (NTS) in industrialized countries [1 -5] . Large ferred to the newly built Schneider Children's Hospital. The two hospitals have all the medical and surgical specialty departfoodborne outbreaks, scattered over wide areas or involving ments, including a solid organ transplantation unit. In addition, more than one continent, have been recently described [6 -9] . the children's hospital has a bone marrow transplantation unit.
Although most patients with NTS infection have self-limited
Study design. A retrospective analysis of the clinical and gastroenteritis, about 3% -8% develop secondary bacteremia bacteriologic data for all patients with NTS bacteremia between [10 -12] . In other patients, especially those with severe immu-1987 and 1996 was performed. Patients were included in the nosuppression, primary NTS bacteremia occurs without antestudy if they had had at least one blood culture positive for ceding signs of gastroenteritis [11, 13] . Those patients in the NTS. Only the first episode of NTS bacteremia in patients with extremes of life, young children and the elderly, are more likely recurrent bacteremia was analyzed. Files for all patients were to develop bacteremia [5, 10 -12 found, two were randomly chosen. Information about the con-(64% of the adults and 26% of all patients) were older than 65 years of age. trols was retrieved from our institute's prospective surveillance system on bacteremia and fungemia [17] .
The clinical and bacteriologic characteristics of the children and adults with NTS bacteremia are compared in (1987 -1996) , 141 cases of NTS underlying diseases (they were more likely to be diagnosed bacteremia were documented in the Clinical Microbiology Labwith lymphoma or chronic lymphocytic leukemia or to have oratory, Rabin Medical Center. We retrieved and studied the undergone organ transplantation). files of 135 patients (73 females and 62 males). Eighty patients Fever (temperature, §38ЊC) was the only presenting symp-(59%) were children (mean age, 1.5 years; median age, 1.1 tom in nine children (11%) and 11 adults (20%). The temperayears; range, 13 days to 6.5 years), and 55 (41%) were adults ture at presentation was significantly higher in children (mean, (mean age, 63.7 years; median age, 71 years; range, 14 -98 39.4ЊC; median, 39.5ЊC) than in adults (mean, 38.6ЊC; median, years). The distribution of children and adults over the study 38.6ЊC) (P õ .0001, Wilcoxon rank-sum test). The duration period was similar. The annual incidence of NTS bacteremia of symptoms before admission was similar for children (mean, per 10,000 admissions increased significantly, for both children 7.6 days; median, 7 days) and adults (mean, 10.9 days; median, (P õ .0001, x 2 test for trends) and adults (P õ .0001) (figure 3 days) (P Å .13, Wilcoxon rank-sum test). 1). Seventy-nine percent of all cases of NTS bacteremia (66
The most commonly affected site of extraintestinal organ children and 40 adults) occurred during the summer and autumn involvement was the lung (14 patients: five children and nine (from June to November). This finding matches the seasonality adults), on the basis of clinical presentation and the presence of NTS gastroenteritis in the general population in Israel [18] .
of pulmonary infiltrates on chest radiograms (table 1) . Three The age distribution of the patients is shown in figure 2 .
adults had vascular involvement, including aneurysm of an Thirty-six children (45%) were younger than 12 months of iliac artery (two patients) and dissection of the thoracic aorta age, and 64 (80%) were younger than 24 months of age.
(one patient). Two adult patients had disseminated disease: one Overall, 47% of the 135 cases of NTS bacteremia occurred with multiple microabscesses in the liver and lung (documented at autopsy) and one with pneumonia and a cervical lymph node in children younger than 2 years of age. Thirty-five patients / 9c64$$ap04 03-15-99 10:34:33 cidal UC: CID abscess. Of the four patients with NTS bacteriuria, only one Among adults, the crude 30-day mortality rate was 33% (P õ .0001) ( (1) , and urinary tract (1). Adults: lung (9 patients), arterial vessels (3), urinary tract (3), soft tissue (2), and dissemination (2) .
NOTE. Data are no. (%) of patients unless stated otherwise. NS Å not significant; NTS Å nontyphoid salmonella. ‡ Children: fever and diarrhea (5 patients) and osteomyelitis (2) . Adults: bacteremia (3 patients). * x 2 test or Fisher's exact test (if expected cell count was õ5). † In addition, the following diseases were present: gastrectomy plus chronic § Children: stool (51 patients) and CSF plus urine (1) . Adults: stool (13 patients), stool plus urine (2), urine (1), thigh abscess (1), lymph node (1), and lung disease (2 adults), rheumatoid arthritis (1), amyloidosis (1), HIV infection (1), acute renal failure (1), chronic lung disease (1), and anorexia nervosa (1). arterial aneurysm (1).
/ 9c64$$ap04
03-15-99 10:34:33 cidal UC: CID 56%. Relapse was usually manifested as recurrent diarrhea in Extraintestinal involvement was significantly more frequent in adults (34%) than in children (13%). The lung was the most children and as recurrent bacteremia in adults. Two children had recurrence in the form of osteomyelitis (one with sickle commonly affected site in both age groups, accounting for 50% of extraintestinal sites of infection. Two recent studies also cell anemia and one with acute leukemia).
Serogroup distribution of the NTS isolates was different for indicated that pneumonia was the most common complication of NTS bacteremia [20, 21] . The documentation of pneumonia the age groups (P õ .0001) (table 1). For the children, there were two predominant serogroups, group C Salmonella (46%) relied on the clinical presentation, since NTS was rarely isolated from respiratory specimens. Aguado et al.
[22] described and group D Salmonella (34%), whereas for the adults, group D Salmonella (78%) predominated. Serovars were determined eight patients with NTS pneumonia; all of the patients were bacteremic, but only one had a positive sputum culture. The for 57% of the children and for 52% of the adults. For the children, the NTS serovars were as follows: group C, Salmopresence of extraintestinal organ involvement in our adult patients was found to be significantly associated with fatal outnella virchow (15 patients) and Salmonella infantis (7); group D, Salmonella 9,12:1,v:-(11) and Salmonella enteritidis (5); come, and pneumonia probably played a major role in this unfavorable outcome. Indeed, the mortality rate associated with group B, Salmonella bredeney (3), Salmonella paratyphi (2), Salmonella typhimurium (1), and Salmonella agona (1); and NTS pleuropulmonary disease was 63% in the series described by Aguado et al. [22] . group E, Salmonella senftenberg (1). For the adults, the NTS serovars were as follows: group D, S. enteritidis (22 patients)
Our study lends further support to the concept that NTS bacteremia is an emerging infection. The annual incidence of and Salmonella 9,12:1,v:-(2); group B, S. typhimurium (3); group C, S. virchow (1); and group E, S. senftenberg (1) .
NTS bacteremia in our institute increased dramatically during the study decade. This rise matches the trend of NTS gastroenIsolation of NTS from sources other than the bloodstream was more common for children (52 patients [65%]) than for teritis in Israel in the last two decades [23] and is similar to trends of NTS infection reported from developed countries adults (19 [35%] ) (P õ .0001) (table 1); the most common source was stool (64% vs. 27%, respectively), probably re- [4, 11, 12] . The emergence of NTS infection in industrialized nations is multifactorial. Ecological (intensive farming of liveflecting the incidence of diarrhea among the age groups. NTS was not isolated from any respiratory specimen.
stock and mass production and distribution of animal food), demographic (aging of the population, AIDS epidemic, and In vitro testing showed the following rates of antibiotic susceptibility for the NTS isolates: ceftriaxone, ciprofloxacin, and increasing numbers of other immunocompromised patients), and behavioral factors (increase in consumption of raw food ofloxacin, 99%; chloramphenicol, 95%; co-trimoxazole, 93%; ampicillin, 92%; and tetracycline, 80%. These rates remained and fresh fruit and vegetables and increase in eating away from home) as well as modern technology (modern food instable over the study years.
dustries with centralized production and large-scale, even international, distribution) have all contributed to the emergence Discussion of NTS as a major foodborne pathogen in industrialized countries [24 -28] . Our study indicates that NTS bacteremia affects patients at the extremes of life [11, 12] , and the characteristics in children Except for AIDS, which is still uncommon in Israel [29] , the other factors could have all played a role in the dramatic with NTS bacteremia are clearly distinct from those in adults with NTS bacteremia. In children, NTS bacteremia manifested increase in NTS-related infections in Israel [18, 30, 31] . One of the important findings in our study is the major itself as a basically benign disease that affected very young patients who were otherwise healthy. It usually occurred in differences of NTS serogroup and serovar distribution for the children and the adults. For the adults, group D Salmonella the setting of gastroenteritis and seldom spread to other organ systems. In contrast, NTS bacteremia in adults often presented and the serovar S. enteritidis predominated, while for the children, group C Salmonella and the serovar S. virchow were the as primary bacteremia, with a high incidence of extraintestinal site involvement (especially in the lung) and a high mortality most frequent isolates. These age-related differences were not found in one large series of NTS bacteremia [11] but were rate.
Adults with NTS bacteremia had several predisposing condisuggested by other investigators [20, 32, 33] . Furthermore, most identified serovars causing bacteremia in tions, which differed substantially from those in matched controls with bacteremia due to gram-negative organisms. Aladults in our study were those known to harbor a virulence plasmid (S. enteridis and S. typhimurium). On the other hand, though most predisposing conditions in the controls were chronic diseases and diseases related to aging (diabetes melli-S. virchow and S. infantis, which predominated in children, were not shown to harbor this virulence plasmid [34] . Since tus, ischemic heart disease, solid tumor, and cerebrovascular accident) [19] , adults were predisposed to NTS bacteremia most of the children did not have any underlying illness, this finding may suggest that the vulnerability of young children by immunosuppressive therapy, lymphoproliferative disorders, and organ transplantation. These findings may point to the to NTS bacteremia is due to other host factors, such as decreased gastric acidity or immaturity of the gut-associated importance of cellular immunity in the defense against NTS invasion.
lymphoid tissue [35, 36] . Another possible explanation is the / 9c64$$ap04 03-15-99 10:34:33 cidal UC: CID
